Results: Vitamin D status is highly dependent on season: moreover, the relation between vitamin D intake and status is also seasonally dependent, being strong in the winter and negligible in the summer. During the winter, those children who had relatively low 25OH-D concentrations generally were those not receiving vitamin D supplements. Vitamin D intakes and supplement use were lower in the north than in the south of Britain. Conclusions: For British preschool children, dietary vitamin D is of much greater importance in the winter than in the summer. There is evidence of regional inequality, with lesser use of supplements in the north. Supplements are needed in the winter, to achieve satisfactory vitamin D status and minimise the risk of rickets and of poor bone health, especially in high-risk groups.
Introduction
Vitamin D is vital for bone mineralisation and for calcium homeostasis (Department of Health, 1998) . It has also been suggested that vitamin D may have a role in immunoregulation and cellular proliferation and differentiation in a number of tissues (Reichel et al, 1989) . The in¯uence of vitamin D on bone mineralisation is particularly important in children during the development of long bones, as bone mineralisation is an integral part of the process of bone development. Inadequate bone mineralisation increases the risk of risk of fractures or deformity (De Priester et al, 1991) . At birth, infants are normally endowed with a store of vitamin D but not if their mother is herself vitamin D de®cient. While the majority of young children in the United Kingdom can maintain an adequate vitamin D status without supplementation, a substantial minority remains vulnerable (Department of Health, 1994; 1998) .
Vitamin D can be obtained from three sources: from the diet in foods such as fatty ®sh and forti®ed products such as margarines and fat spreads; from supplements such as vitamin drops; or via synthesis in the skin. If sunlight exposure is adequate, endogenous synthesis in the skin makes a greater contribution to ensuring vitamin D adequacy than do dietary sources (Haddad & Hahn, 1973; Fraser, 1983; Maxwell, 1994) . The conversion of 7-dehydrocholesterol to vitamin D in the skin requires ultraviolet light as a catalyst. This means that vitamin D status shows variations dependent on season of the year and geographic latitude. Recent public education campaigns to reduce the risk of skin cancer encourage all ages, but especially the under-®ves, to avoid direct exposure to sunlight by wearing covering clothes and applying sunscreen creams. If followed, this change in lifestyle could have an adverse effect on vitamin D status. This study provides a baseline that may be helpful as a comparator in future years. There has been a long-standing government policy in the United Kingdom that children under 5 years should receive supplements to ensure that all children are adequately provided at this time of very rapid growth and development (Department of Health, 1991 , 1994 . On this basis, vitamin supplements are provided by the Department of Health, *Correspondence: Dr CJ Bates, MRC Human Nutrition Research, Downhams Lane, Milton Road, Cambridge CB4 1XJ, UK. Peter Davies coordinated the biochemical aspects of the survey and wrote the ®rst draft of the manuscript; Christopher Bates revised the manuscript and acts as guarantor; Timothy Cole provided expert statistical advice and assistance; Ann Prentice provided expert advice on vitamin D status and requirements; Petronella Clarke initiated the study, provided expert advice on policy implications, and helped to write the ®nal manuscript.free to mothers on low income and at low cost to other mothers, through the Welfare Food Scheme. Nevertheless, a recent study has found evidence of a high prevalence of subnormal 25-hydroxyvitamin D concentrations in young British children from families originally from the north Indian (Asian) subcontinent (Lawson 1998a,b) . Therefore, further studies of the risk factors associated with variations in vitamin D status in the United Kingdom are needed.
This study examined vitamin D intake and status in a large cohort of children aged 1.5 ± 4.5 y (Gregory et al, 1995) relative to their geographic location within England and Scotland and to seasonal variations.
Methods
The NDNS Survey series aims to obtain information about dietary habits and nutritional status of the British population. The survey of preschool children was carried out between July 1992 and June 1993.
The Survey required that a nationally representative sample of preschool children aged 1.5 ± 4.5 y be recruited. The sample was selected using a multistage random probability design, with postal sector as ®rst-stage units. The small user Post Code Address ®le was used as the sampling frame. The frame was strati®ed by region. A total of 100 postal sectors were selected. From each postal sector, 280 addresses were randomly selected. To identify households that contained an eligible child, that is, a child aged 1.5 ± 4.5 y, a letter sent to each address asked for details of the sex and date of birth of every person living in the household. From returns, households containing an eligible child were identi®ed. Only one eligible child from each household was selected. Ethical permission for the survey was obtained from the NHS Local Research Ethics Committee for every location from which the subjects were recruited, and from the Dunn Nutrition Unit's Ethics Committee.
Parents or guardians of the participants were asked to keep a weighed record of all food and drink, including dietary supplements, eaten during four consecutive days. These were veri®ed during subsequent interviewer visits, and were then coded and converted to nutrient intakes, as described in the Survey Report (Gregory et al, 1995) . From this dataset, the required information on the mean daily intakes of vitamin D and food energy was extracted for each participant.
Parents were asked to consent to a non-fasting 4 ml venous blood sample being taken from their child (usually a few days after the weighed diet record. 25-hydroxyvitamin D was measured in plasma (Abbotts et al, 1995) , using a radioimmunoassay kit (INCSTAR Corp., MN, USA), based on the method of Hollis et al (1993) . Quality control included the manufacturer's quality control serum with an assigned 25-Hydroxyvitamin D value, and a pool of normal human heparinised plasma, donated by volunteers.
The 100 areas sampled were divided into four regions: Scotland; Northern (including Yorkshire, Humberside, Lancashire and the border counties); Central, South West and Wales (including the East and West Midlands, East Anglia, Devon and Cornwall, Avon); and South East (including London and the Home Counties). The 100 areas were divided into four groups, each group being completed in a 3-month period that corresponded to summer (July to September), autumn (October to December), winter (January to March) and spring (April to June).
The data set was obtained from The Data Archive (Of®ce of Population Censuses and Surveys, Social Survey Division, 1995). Data analysis was performed by ANOVA and by a general linear model analysis, using a Data Desk computer program (Data Description Inc., USA), with log transformation where appropriate, to reduce skewness of distribution.
Results
Of 1859 children who provided an interview record, 1675 provided a weighed diet record that was adequate for the estimation of daily nutrient intakes. Consent to a blood Geometric means (antilog of log 10 means). Arithmetic means.
Signi®cance of inter-group differences was calculated by ANOVA (seasonal effects were adjusted for region, and regional effects for season).
Vitamin D in British children PSW Davies et al sample being attempted was obtained from 1157 parents, of which attempts 1003 were wholly or partly successful; 756 of these provided suf®cient blood for the measurement of 25-hydroxyvitamin D. About 2% of the subjects were from north Indian (Asian) families, who were, for the most part, living in the Midlands. There were none in the Scottish sample. Although the mean 25-hydroxyvitamin D concentration was lower (43.5 vs 67.2 nmal) and the mean vitamin D intake was higher (2.94 vs 1.87 mgad) in these children, than in the remainder of the survey participants, the exclusion of these children made very little (`1%) difference to the mean status or intake values or to the regional patterns. Some relevant information has already been published in the Survey Report (Gregory et al, 1995) : see especially table 8.42 (average daily vitamin intakes by region); table 8.44 (vitamin intakes by social class of head of household); ®gure 10.7 (variation in levels of plasma 25-hydroxyvitamin D by ®eldwork period: all children aged 1.5 ± 4.5 y); and table 10.34 (percentage distribution of plasma 25-hydroxyvitamin D by age and sex of child). This paper examines the impact of using supplements on vitamin D status as assessed biochemically, especially during the winter. Table 1 presents an analysis, by season and by region, of vitamin D intakes (from food and from food plus supplements; and percentage of subjects using supplements) and of plasma 25-hydroxyvitamin D levels, in all subjects, in non-supplement-users and in supplement-users. The contrast between the seasons was greatest for those children who were not taking vitamin D supplements, i.e. the use of supplements greatly reduced the seasonal variations in vitamin D status. Those children who were not taking vitamin D supplements, and who therefore had the lowest vitamin D intakes, on average had 25-hydroxyvitamin concentrations below 50 nmolal in the winter.
There was a signi®cant regional variation in vitamin D intakes, with the lowest in Scotland, followed by the north of England, then by London and the South East and by Central, SW and South. This variation was greatest for total vitamin D intakes, but was also signi®cant for food vitamin D intakes without supplements. The percentage of supplement-users was signi®cantly greater in the south than the north, with a 3-fold difference between the extremes. Since it was shown previously (Gregory et al, 1995) that the use of dietary supplements was greater in non-manual than in manual social classes, it is likely that the regional variations may also be linked to social class variations. In contrast with the intake differences, regional differences in biochemical status did not reach signi®cance, for all subjects, or for supplement-users, or for non-supplement-users. Indeed, there was also no signi®cant difference in vitamin D status between the unsupplemented children living in Scotland and those living in the south-west of England, either before or after adjustment for vitamin D intakes and season. Figure 1 shows the relationship between vitamin D intakes and plasma 25-hydroxyvitamin concentrations, for non-supplement users, for each season separately. Vitamin D intakes have been subdivided into ascending ®fths, and the mean intakes in each ®fth of the intake range have been plotted against the mean 25-hydroxyvitamin D concentrations in each ®fth of intake, for each season. There is evidence for a signi®cant direct relationship between intake and status for the three seasons corresponding to autumn, winter and spring, but, in contrast, there is no evidence of a direct relationship, and indeed a marginally signi®cant inverse relationship, in the summer. These seasonal differences are even more marked when all subjects (supplemented and unsupplemented) are included (see legend to Figure  1 ). The importance of season in controlling the relationship between vitamin D intake and status was further demonstrated by regression analysis with a model containing 25-hydroxyvitamin D, log(vitamin D intake), season, and the interaction term (intake 6 season). In this model, the interaction term, but not log(vitamin D intake) itself, was signi®cantly related to status; however, when the interaction term was removed, the intake variable per se became a signi®cant contributor.
These patterns did not correlate with gender (not shown), or age group, although they were somewhat stronger for the younger than for the older children (not shown). They were essentially unaffected by expressing vitamin D intake as a ratio to energy intake (not shown). 
Discussion
The results con®rm the Survey Report (Gregory et al, 1995) conclusions of large and highly signi®cant seasonal variations in vitamin D status in British preschool children and extend it to show that this seasonal variation is strongly in¯uenced by concurrent vitamin D intake. Those children who had relatively high intakes, usually as a result of receiving vitamin D supplements, were much less likely to exhibit large seasonal variations in status than those who did not. The extent of use of supplements of vitamin D, and indeed vitamin D intakes overall, were substantially greater in the south of Britain than in the north. The relatively greater use of vitamin D supplements in the south did not result in any detectable regional variation in vitamin D status, even during the winter months. This may be the result of small subset numbers, as the Scottish group was smaller than the group sizes in the other regions.
The conclusion that vitamin D intakes have a much greater effect on vitamin D status in the winter than the summer was previously documented for older people living in the United Kingdom (Lawson et al, 1979) . The present study suggests that this is probably common to all age groups.
Thus, in the absence of supplements, vitamin D status declines in British preschool children during the winter months. Vitamin D supplements, which are currently provided to only around 15% of children in this age group, can completely prevent this decline. Studies of Asian families, both during the 1980s (Grindulis et al, 1986) and also very recently (Lawson and Thomas, 1998; Lawson et al, 1998) have indicated a very high prevalence of low plasma 25OH-D concentrations in this high-risk group of the British population, demonstrating the continuing need for health education on this subject. The low rate of use of vitamin supplements in this age group overall suggests that there may be a need to promote, by educational programmes, wider vitamin D supplementation as being bene®cial for optimum nutrition of pre-school children in the United Kingdom (Department of Health, 1998) .
